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(57) Abstract: Provided is a cata-dioptric imaging system of a highly numerical aper- 
ture, which has its various aberrations satisfactorily corrected by using neither a reflecting 
surface having an aspherical shape of a high order nor a reciprocal optical element. The 
cata-dioptric imaging system forms the image of a first plane (R) on a second plane (W), 
and is constituted to include a first focusing system (Gl) for forming a first intermediate 
image of the first plane on the basis of a light from the first plane, a second focusing system 
(G2) having two concave reflecting mirrors (CM21, CM22) for forming a second inter- 
mediate image of the first plane on the basis of a light coming from the first intermediate 
image, and a third focusing system (G3) for forming the final image of the first plane on 
the second plane on the basis of a light coming from the second intermediate image. The 
two concave reflecting mirrors have long spheroidal reflecting surfaces. 
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49 


CO 


4.00000 


1.435876 (L 


m) 



9®: k =0 

C =-7. 94163 X10" 8 C =-1. 12048 X 10" 1 

4 6 

C =9. 46158X10" 16 C =-3.46518X10" 

8 10 

C =4. 48980X 10" 24 C =-1.25126X10 

12 14 
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C =1. 06865 X10" 31 

16 

17B: k =0 

C =-5. 07692 XIO" 8 C = -2. 75751 X 10" 12 

4 6 

C = — 1. 96475 XIO" 16 C =-7. 15077 XIO" 21 

8 10 

C =-3. 22240 XIO" 24 C =3. 95636 X 10" 28 

12 14 

C =-4. 50731 XIO" 32 

16 

2lB.&.TJ ? 22ffi: k = — 5. 22296 X 10 1 

C =0 C =0 C =0 C =0 C =0 C =0 C =0 

4 6 8 10 12 14 16 



24B: k =0 



C =2. 07397 XIO" 8 C =-3. 79394 XIO" 13 

4 6 

C =1. 57647 XIO" 17 C =-4. 68999X 10" 22 

8 10 

C =7. 80825 X 10" 27 C = 1. 93892 X 10" 32 

12 14 

C =0 

16 



26®: k =0 



C = — 1. 21103X10" 7 C =4. 11617X10" 12 

4 6 

C =5. 23983 XIO" 17 C = -9. 49443 X 10" 21 

8 10 

C =3. 16472 XIO" 25 C =-5. 66632 XIO" 30 

12 14 

C =2. 24225 X 10" 34 

16 



30@: k =0 



C =6. 87953 XIO" 8 C =-6. 93885 XIO" 12 

4 6 

C =1. 27248 XIO" 16 C =9. 92890 XIO" 21 

8 10 

C =-1. 57846 XIO" 24 C =1. 20747 XIO" 28 

12 14 

C =-4. 60400 XIO" 33 

16 

31B: k — 0 

C =-7. 92258 XIO" 9 C =-8. 45323 XIO" 13 

4 6 

C =-6. 30202 XIO" 18 C =1. 82975 X 10" 21 

8 10 

C =-2. 40696 XIO" 25 C = 1. 72188 X 10" 29 

12 14 

C =-6. 30974 XIO" 34 

16 
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34S: 


K =0 




C =1. 

4 


91366 XIO" 8 C 

6 


= -4. 08222 X 10" 13 


C =4. 

8 


47244 XIO" 17 ■ 


C =-1. 28611 XIO" 21 

10 


C =1 

12 


. 95615 XIO" 26 


C =1. 47882 X 10" 3 ° 

14 


c - 

16 


-5. 15398X10 




36fi: 


K =0 




C =3. 

4 


65791 XIO" 8 C 

6 


= 2. 42487 XIO" 13 


c =- 

8 


7. 11218X 10" 17 


C =2. 50257 X 10" 21 

10 


c =- 

12 


-4. 19556 XIO" 26 


C =3. 45349 XIO" 31 

14 


c 

16 


-1. 00445X10 




- _ _ A. 

45[g: 


K =0 




C =5. 

4 


81397 XIO" 9 C 

6 


= -1. 14961 XIO" 13 


c =- 

8 


2. 72099 XIO" 17 


C =3. 15197X10" 21 

10 


c =- 

12 


-1. 41272 XIO" 25 


C =3. 13451 XIO" 30 

14 


c 

16 


-2. 85206X10 




47®: 


/c =0 




C =5. 

4 


76732 XIO" 8 C 

6 


= 5. 86230 XIO" 12 


c = 

8 


4. 67768 XIO" 16 


C =6. 56861 X10" 2 ° 

10 


c =- 

12 


-4. 93777 XIO" 24 


C =3. 36794 XIO" 28 

14 


c =- 

16 


-8. 08755 XIO" 33 





[0031] iM3miMim 

UK ^3M#^G3(D1/^XL313 l^XLb) ©tUHfcspfT ¥ffi«Lp^#B££ 
9^L310^(DrBl^^it&>tbTV^ o ^rbT, H3^ife^-e», ^#W^XLb^^f ¥ 
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U =193. 306nm)^*fbTl. 435876(DJS$ff*^i~ ; 5M^ (Lm) ffiffi 

^TOW'Mft^LTl. 5603261(D®^^i-^^^J;(9?f^§tl, 
TV^o #^^(3) ^ ^3^»!l^^^^^3fe^^PL(Dit7n»ffi^mtf^o 
[0032] ^(3) 



X = 


= 193. 306nm 








0 = 


= 1/4 








NA 


= 1. 3 








B = 


15. 3mm 








A= 


3mm 








LX= 


= 26mm 










= 5mm 








m 












r fj r 


d n 










60.59272 






i 


oo 


8.00000 1.5603261 


(PD 


2 


oo 


3.00000 






3 


350.00000 


25.01025 


1.5603261 


(Lll) 


4 


-1224.92925 


1.00000 






5 


206.91963 


33.55065 


1.5603261 


(L12) 


6 


-4382.64940 


4.05890 






7 


128.14708 


51.26364 


1.5603261 


(LI 3) 


8 


-19008.21291 


10.73486 






9* 


-10000.00000 


21.70324 


1.5603261 (L14) 


10 


227.01998 


9.85859 






11 


536.14092 


30.62633 


1.5603261 


(L15) 


12 


-180.47868 


31.92390 
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13 


-194.75157 


12.48850 


1.5603261 


(L16) 


14 


-348.78982 


23.42406 






15 


677.92639 


30.00994 


1.5603261 


(L17) 


16 


-228.10790 


2.77178 






17* 


-217.84784 


12.00000 


1.5603261 


(L18) 


18 


1368.50810 


23.24653 






19 


477.30552 


52.43548 


1.5603261 


(L19) 


20 


-650.67254 


36.29231 






21* 


-1450.59982 


32.45657 


1.5603261 


(L110) 


22 


-229.46989 


316.04538 






23* 


-244.76209 


-291.04538 




(CM21) 


24* 


244.76209 


316.04538 




(CM22) 


25 


256.69408 


26.83267 


1.5603261 


(L31) 


26* 


659.71329 


1.00000 






27 


180.00000 


60.00000 


1.5603261 


(L32) 


28* 


323.45083 


13.25837 






29 


-3123.59117 


52.76868 


1.5603261 


(L33) 


30 


91.75540 


34.45029 






31 


-13079.55268 


12.00000 


1.5603261 


(L34) 


32* 


149.99993 


49.88931 






33* 


-232.46732 


27.31503 


1.5603261 


(L35) 


34 


-245.25302 


15.97419 






35 


945.81643 


52.25099 


1.5603261 


(L36) 


36* 


-242.46539 


1.00000 






37 


-318.15388 


12.60438 


1.5603261 


(L37) 


38* 


-749.94000 


28.40839 






39* 


-484.21460 


68.04993 


1.5603261 


(L38) 


40 


-187.43622 


1.00000 
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41 


3334.64266 


45.38994 


42 


-495.28343 


1.00000 


43 


CO 


1.00000 


46 


263.22062 


73.28068 


45 


oo 


1.00000 


46 


179.80617 


62.56473 


47* 


903.57091 


1.00000 


48 


116.76198 


45.74003 


49* 


332.92051 


1.00000 


50 


90.79661 


34.72878 


51 


oo 


1.00000 


52 


oo 


15.00000 


53 


oo 


3.00001 








(#1 







1.5603261 



(L39) 



(AS) 

1.5603261 (L310) 



1.5603261 (L311) 



1.5603261 (L312) 



1.5603261 (L313:Lb) 

1.435876 (Lm) 

1.5603261 (Lp) 

1.435876 (Lm) 



9fi: k =0 



-8 



C =-6. 36223X10 C =-2. 78658X10 

4 6 

.-15 



-11 



C =3. 89619X10 

8 



c = 

10 



.-24 



C =2. 81471X10" C 

12 14 

C =-2. 05357 X 10" 32 

16 



-2. 25803 X 10 

-28 



-19 



=4. 21124X10 



17®: /c — 0 



-7 



C =1. 17285X10 C =-7. 91844X10 

4 6 



-13 



C =-3. 72009 X10" 17 C 

8 10 

.-25 



-5. 83288X10 

-29 



-21 



C =-4. 24135X10 

14 



-34 



C =8. 73301X10 

12 

C =7. 44152X10 

16 

21®: k =0 



C =-2. 79633X10" 8 C =-6. 40147X10" 14 

4 6 

C = — 1. 77090 X10" 17 C =-7. 70384 X10" 23 

8 10 
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C =6. 05413X10" 28 C =-4. 82364X10" 31 

12 14 

C =0 

16 

23ffi^TJ?24® : k = -4. 68769 X 10" 1 

C =0 C =0 C =0 C =0 C =0 C =0 C =0 

4 6 8 10 12 14 16 

26®: k — 0 

C =1. 28304 X10" 8 C =-6. 38513 X10" 13 

4 6 

C =2. 18379 X10" 17 C =-7. 21301 X 10~ 22 

8 10 

C =1. 60083 X 10" 26 C =6. 67071X10" 31 

12 14 

C =0 

16 

28®: /c — 0 

C =-8. 61082X10" 8 C =3. 70311 X10" 12 

4 6 

C = — 1. 15755X 10" 16 C =-1. 47959 X10" 21 

8 10 

C =2. 24158X10" 25 C =-2. 68433X10" 29 

12 14 

C =9. 21791 X10" 34 

16 



32®: k =0 



C =1. 17328 X10" 7 C =-7. 98161 X10" 12 

4 6 

C = —8. 88398 X10" 16 C =6. 34394 X 10" 20 

8 10 

C =-7. 03704X10" 25 C =1. 11280X10" 28 

12 14 

C =-5. 69039 X10" 32 

16 



33B: k =0 



C =-3. 26290 X10" 8 C =-2. 46812 X 10" 12 

4 6 

C =-2. 76561X 10" 16 C =-9. 26317X10" 21 

8 10 

C =1. 88212 X 10" 25 C =-1. 67486 X10" 28 

12 14 

C =2. 14395 X10" 33 

16 



36®: k — 0 



C =-2. 70469 X10" 9 C =3. 90106 X 10" 13 

4 6 

C =8. 25231X10" 17 C =-2. 50778X 10" 21 

8 10 

C =3. 15344X10" 26 C =1. 47976 X lO" 30 

12 14 
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C = -4. 53768 X10" 35 

16 

38®: k — 0 

C =3. 85119X10" 8 C =6. 53162X10" 14 

4 6 

C =-8. 58613X10" 17 C =3. 11815X10" 21 

8 10 

C =-3. 24648 XI O" 27 C = — 1. 78776 X 1CT 30 

12 14 

C =3. 61731 X 10" 35 

16 



39®: k =0 



C =-2. 07070 X10" 8 C =7. 79234 X 10" 13 

4 6 

C =-1. 10680 X10" 17 C =-2. 94753 X10" 23 

8 10 

C =1. 12845 X10" 26 C =-2. 12927X10" 31 

12 14 

C =1. 76565 X 10" 35 

16 



47®: k — 0 



C =1. 61169 X10" 8 C = — 1. 18321 X10" 13 

4 6 

C =-3. 24899 X10" 17 C =3. 02257 X 10~ 21 

8 10 

C =-1. 03794 X10" 25 C =1. 63372 X10" 30 

12 14 

C =-6. 02947 X10" 36 

16 



49®: k =0 

C =4. 74997 X10" 8 C =5. 30520 X10" 12 

4 6 

C =-5. 83896 X10" 16 C =6. 78393 X 10~ 2 ° 

8 10 

C =-5. 78534X 10" 24 C =3. 15579 X 10" 28 

12 14 

C =-9. 54421 X10" 33 

16 

[0033] IM4MMM1 
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Wb<Dffl<Dyt9&\^tizftyt<Dtp>b$&.M(X=193. 306nm)fc*tLTl. 435876<D 
JSJff *Sr^rt"5#B* (Lm) Tfimit^tlX^ *fc, ^#W^XLb^tft-^T(D 
3fcSifllfWt#S. <M3fr^>M*^L-Cl. 560326 l<Z>jg^«rWi-5^^ 

[0034] ^ (4) 

l =193. 306nm 
J3 =1/4 
NA=1. 3 
B=15. 5mm 
A = 3mm 
LX=26mm 
LY = 5. 4mm 



m 


XT. X~\ 

CF r 


d n 










50.00000 






i 


oo 


8.00000 1.5603261 


(PI) 


2 


oo 


3.00000 






3 


350.00000 


26.46669 


1.5603261 


(Lll) 


4 


-645.53379 


1.00000 






5 


173.21612 


35.96742 


1.5603261 


(LI 2) 


6 


-4461.33635 


17.43708 






7 


429.14439 


29.48354 


1.5603261 


(L13) 


8 


-275.94579 


1.00000 






9* 


-10000.00000 


12.00000 


1.5603261 (L14) 


10 


196.20422 


8.94774 






11 


258.27992 


39.92164 


1.5603261 


(L15) 
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12 


-164.97583 


24.02524 






13 


-329.36372 


13.24024 


1.5603261 


(L16) 


14 


-162.64110 


1.00000 






15 


-326.01876 


60.00000 


1.5603261 


(LI 7) 


16 


-427.96564 


74.27880 






17* 


-217.83502 


39.00740 


1.5603261 


(L18) 


18 


-209.99644 


1.00000 






19 


-415.60502 


43.09094 


1.5603261 


(L19) 


20 


-149.08140 


272.96919 






21* 


-218.14866 


-244.96924 




(CM21) 


22* 


206.74356 


269.96924 




(CM22) 


23 


250.00000 


60.00000 


1.5603261 


(L31) 


24* 


-1807.69717 


72.81359 






25 


515.58231 


17.77536 


1.5603261 


(L32) 


26* 


300.00000 


1.00000 






27 


163.58924 


12.00000 


1.5603261 


(L33) 


28 


101.14446 


51.52417 






29 


-394.42597 


12.00000 


1.5603261 


(L34) 


30* 


167.48287 


71.79218 






31* 


1770.69500 


33.44958 


1.5603261 


(L35) 


32 


-944.57367 


1.00000 






33 


490.43911 


62.46956 


1.5603261 


(L36) 


34* 


-240.54652 


13.42458 






35 


-222.80174 


20.72182 


1.5603261 


(L37) 


36* 


10000.00000 


14.05071 






37 


1139.46045 


92.84277 


1.5603261 


(L38) 


38 


-240.80811 


1.00000 






39 


-5618.39788 


33.50378 


1.5603261 


(L39) 
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40 


-593.54446 


8.09015 






41 


oo 


0.00000 


(AS) 




42 


315.55302 


59.64796 


1.5603261 (L310) 




43 


oo 


1.00000 






44 


176.29938 


71.37651 


1.5603261 (L311) 




45* 


896.05735 


1.00000 






46 


108.27570 


46.41051 


1.5603261 (L312) 




47* 


263.95601 


1.00000 






48 


93.45630 


49.27084 


1.5603261 (L313:Lb) 


49 


oo 


4.00000 


1.435876 (Lm) 




















9®: 


K =0 








C = 

4 


1. 01587 X10" 7 C = - 


1. 09403 X 10~ n 




C =5. 

8 


75764X10" 16 C =8. 43343X10" 23 

10 




C =2. 40575X 10" 24 C = 

12 14 


— 1. 14543 X10" 27 




C =8. 25026 X 10" 32 

16 






17B: 


K =0 








C 

4 


4. 59637 X10" 8 C = - 

6 


-1. 72557 X10" 12 




c = 

8 


1. 10492 X10" 16 C = 

10 


3. 92199 X10" 22 




c =- 

12 


-1. 76553 X10" 24 C 

14 


= 1. 79310 X 10" 28 




c 

16 


-1. 29106 X10" 32 






21®: 


k =-0. 631982 






C =0 

4 


C =0 

6 


C =0 C 

8 10 


= 0 C =0 C =0 

12 14 


c 


22®: 


k =-0. 461982 






C =0 

4 


C =0 

6 


C =0 c 

8 10 


= 0 C =0 C =0 

12 14 


c 


24®: 


K =0 








C =1. 

4 


84630 X10" 8 C =-6. 13960X10" 13 

6 





= 0 
= 0 
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C = 2. 05342X10" 17 C = — 1. 07721 X 10~ 21 

8 10 

C =2. 17679 X10" 26 C =1. 73335 X 10" 31 

12 14 

C =0 

16 



26®: k =0 



C = — 1. 27015 X10" 7 C =5. 82566 X10" 12 

4 6 

C =1. 75629 X10" 17 C = -8. 60445 X 10" 21 

8 10 

C =1. 08176 X 10" 25 C =3. 03109X 10" 29 

12 14 

C =-1. 92607 X 10" 33 

16 



30B: k =0 



C =7. 61507X10" 8 C =-6. 47823 X 10" 12 

4 6 

C =-2. 61655X 10" 17 C =1. 19893 XIO" 20 

8 10 

C =-3. 46257X10" 25 C = -7. 25646 X 10" 29 

12 14 

C =4. 06828 X10" 33 

16 

31B: k =0 

C =-4. 46513 X10" 9 C =-8. 65995 X 10" 13 

4 6 

C =-8. 27019X 10" 18 C =2. 27837X 10" 21 

8 10 

C =-2. 49013X10" 25 C =2. 02730X10" 29 

12 14 

C =-7. 62983 X10" 34 

16 



34@: k =0 



C =1. 78401 X10" 8 C =-4. 30308 X10" 13 

4 6 

C =4. 97891X10" 17 C = — 1. 35841 X 10" 21 

8 10 

C =2. 25891X 10" 26 C =1. 87452 X 10" 3 ° 

12 14 

C =-6. 96011 X10" 35 

16 



36g: k — 0 



C =3. 63510X10" 8 C =2. 20497X10" 13 

4 6 

C =-6. 98444X10" 17 C =2. 49660 X 10" 21 

8 10 

C =-4. 30453X10" 26 C =3. 75232 X 10" 31 

12 14 

C =-1. 25235 X10" 36 

16 
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45o5: k =0 



C =5. 41768X10 C =-1. 25187X10 

4 6 

C =-2. 46535 X10" 17 

8 



13 



C =2. 91835X10 



-21 



10 



-25 



C =2. 86312X10 

14 



-35 



C =-1. 30286X10 

12 

C =-2. 57739X10 

16 

47fi: k =0 



C =5. 72850X10" 8 C =5. 35881 X10" 12 



-30 



C =-3. 99564X10 

8 



-16 



C =4. 99873X10 

10 



-20 



C =-2. 75405X10 

12 

C =-6. 81632X10 

16 



-24 



C =1. 34776X10 

14 



-28 



-35 



[0035] msu, Mimnm<D&&yt¥mz&tfz>m^ : &^irmx*$>z> 0 



&m~rtLA) %^-rmxfoZo mi3«, ^■mmm^myt^m^t^Tu^hv 

El 1 3 (C*3V ^XWmtt^XM&AMfi (rad : 7 i?T^) Xfo& 0 
[0036] BH2^oitJ?|lI13^*5V>T, mm^m (mm) -?;fci9, H^^^lllife^l^, — 



tefg2^|»!j^ ^^H3^W(J^tL^ftL^LTV ^ 0 |H8~|1|13^#M 

§itf)fef ^ER(26mmX 5mmf f'ii26mmX 5. 4mm) ^fit^bTV^^^ 
d^^T , ifcft^i93. 306nm(D^df>y-eu— if3fe^*fbT, ^^ir^MJ^^fej; 
O^V^h— v-a^^tP^lR^^f ^M3E$^-CV^i^^^^,^ 0 Ell 2 
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[0037] Z(D&5K^MM&1fee>&M1&W-ei'£. fF'kfcK^193. 306nm<£>ArF:^S/ 
VI/- tfytKMLX* 1. S^flfV^ftilHPSfeSrfllfife^^felC 26mmX5mmf 
fcJ326mm X 5. 4mm<D^?P^|£(D|t|$i®)fei|gi$ ERSri&i&'fS- 
£flS-0# % fc^^tf 26mmX 33mm(D^^iyt(DR3fefM^rt^IlI^^^— >^tft»# 

•So 

[0038] mz. ^mmnmco^-mmmxn, miwmRMmcM2i<DMmmmw:<DECM 

2<DmfiLmzti£Mrt'Z>hbi>\Z. m2WmRMmCM22<D-B:®%mW:(£>£C%tm<D— 
^(^^^^3|t^G3(DBlM^MLE.om^^M^^ll2^#^G2(D0l 
^:»f^»UTV^5 0 Lfc^ot, 014(a) ^l|^f^Gl(DBSffi(D3te 

#Ji©^pi^^<D3tell^i[in^^cM2i<DS^ffi^^*fffi-e^$ 

^2^#^G2(D6lffiCO^$i_h(D^P2d^(D^« x f§2[H]ffiBC#tilCM22(D;ft 
•fc©*^ ^2|§f^G2(DBSB^*DV>TBS(D^ffii|3l^^^^i^^L^V\ 

[0039] £*U£*f-L/T\ 014(b) fc^ir£?K, mm^Rmm^ir^mmRMmcM^ 

fflV>6«^»,^l^#^(^®ffi(D3fe#Ji<^^d^(0^«IiaffiKtt^CM^ 
^LT^2^^(DBiffi(D^ttJi(D^i^^i-§'^^^< > i;b^^^:^B*(D^ 
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